
Section7

CLEANING AND CORROSION
CHARACTERISTICSOF ALCOHOL





CLEANINGAND CORROSIONCHARACTEPJSTICSOF ALCOHOL 7-i

Quick ReferenceData

MateriaLs Subject to Degradation from H~hConcentrationofAkohoL~

• lubricatingoils
• ternesteel(in gastanks)
• cylinderwalls, fuel pumps,carburetors
• polymers,elastomers,rubbers,plastics(hoses)
• polymethane
• cork gasketmaterial
• leather
• polyesterbondedfiberglasslaminate

Additivesto Pn~ventCorrosionfrom AlcohoLc

• Higher alcohols to minimize phaseseparation
• Corrosioninhibitors
• Acid neutralizersin lubricants
• Surfacetreatmentof engineparts (nitriding and chromeplating)

Useful Terms andDefinitions (also seeGlossary)

• Corrosion: a gradualwearing away or alteration by a chemical or
electrochemical.

• FormicAcid: a colorless,pungentliquid acid(HCOOH) that is madeby
acidificationof sodiumformate. Formerlyobtainedfrom ants, spiders,
etc. Synthetically, it is formed in the combustionchamberduring the
combustionof methanolor water-contaminatedethanol. Also known as
methanoicacid.

• TAME (TertiaryAmyl Methyl Ether): an etherformedby the reaction
of methanoland either isoamyleneor isopentalene.

• TerneMetal: sheetiron or steelcoatedwith an alloy of about4 parts
leadto 1 part tin.
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Section 7
CLEANING AND CORROSION CHARACTERISTICS
OF ALCOHOL

• Solvent Characteristicsof Alcohols andAlcohol Blends
• Influence on the CombustionChamber
• Effectsof Alcohols on Various Materials
• Influence on Fuel Distribution System
• Vehicle Failures
• Additives Requiredto PreventCorrosion

Introduction

The different chemical structures of alcohol fuels (ethanol or
methanol)andgasolinenecessitatesignificant changesto current
vehicle technology. A joint researcheffort by 14 major U.S. oil
companiesand three of the largest auto companiesis currently
focusingon experimentalandcommercialproductionof flexible fuel
vehicles. These are specifically designedto run on high level
alcohol blendsaswell ason conventionalpetroleum-basedfuels.
Unfortunately,thereliabifity anddurability of flexible fuel vehicles
dependson alcohol solvent and corrosion properties. Unlike
gasoline,alcoholsarestrongsolventsandaremorehighly corrosive.
Methanolhasbeenfound to be morecorrosivethanethanol,both
in material degradationand the formation of acid within the
combustion chamber, which reduces the effectivenessof the
lubricating oil. The solvent effectsof alcohol fuels on both the
fuel distribution systemand vehicle are addressedin this section,
as well as the corrosion sensitivity of various metalsand non-
metals found in current vehicle and fuel distribution systems.
Finally, a strategyto minimize the corrosiveeffectsof alcoholfuels
is alsopresented.

7-1



7-2 PROPERTIESOF ALCOHOL FUELS

Solvent Characteristics of Alcohols and Alcohol Blends

Alcohols, becauseof their high polarity and the ability to form
hydrogenbonds, are used as excellentsolvents in the chemical
industry. However, this solvent characteristiccan causeproblems
when the alcohol is usedas a fuel. Theseproblemsmay occur in
the fuel distributionsystemaswell as in the combustionchamber.

Influence on the Combustion Chamber

A liquid fuel, while burning on a cold surface, can dissolve
significant amounts of its combustionproducts. As discussed
earlier,alcoholshavemuchhigherlatentheatsof vaporizationthan
gasoline. Therefore,if the alcohol inductedinto an automobile’s
cylinder is not sufficiently vaporized, the liquid fraction of the
alcohol (ethanol or methanol) can act as a solvent for its
combustionproducts. These productsare corrosive (including
formic acid, for example),degradingthe lubricants and greatly
increasingwearon cylinder walls.

Combustionresiduesfrom neatmethanolinclude water,unburned
alcohol,formaldehyde,formicacid,andmethylenehydroxy-peroxide.
In addition to theseconstituents,relatively low concentrationsof
acetaldehydeand aceticacid arefound in combustionresiduesof
ethanol, isopropanol, n-propanol and n-butanol. Methanol
combustionresiduescontainsubstantiallyhigher concentrationsof
formaldehydeand formic acid than the higher molecularweight
alcohols,but all alcohol combustionresiduescontainedaboutthe
samelevels of methylenehydroxy-peroxide.The concentrationsof
combustion products in combustion residues, particularly
formaldehyde,formic acid andmethylenehydroxy-peroxide,tended
to increaseasthe coolant temperaturewas raised. [1,2,3,4,5]

A number of studies have been undertaken which deal with the
corrosionandwearwithin theenginechambercausedby the useof
eithermethanol/gasolineor ethanol/gasolineblends. [6]
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The formic acidandthewaterformedby themethanolcombustion
are the principal causesof corrosion and wear. Becausethe
hydrogen-to-carbonor H/C ratioof methanolis higherthanthatof
gasoline,a large amount of water vapor is formed by methanol
combustion. Theoretically, 23 mol % of water is formed from
methanol combustion compared to 13 mol % of water from
gasoline. This explains the increased tendency for water to
accumulatein the lubricant oil when the engine is fueled with
methanol.At oil andwatertemperaturesof around40°C(while the
engine is warming up), the volume of water condensedfrom
methanolcombustionis twice as great as that from gasoline,as
illustrated in Figure7-1. [7]

Figure 7-1., Condensedwater from methanol and
gasolinecombustion.

This partial oxidation of methanolproducesformaldehyde,which

convertseasily to formic acid.

CH3OH + ½02-~HCHO + H20 (formaldehyde)
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HCHO + VA HCOOH (formic acid)
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When methanolis burnedin a castiron container,the formic acid
and methylenehydroxy-peroxidein the residueoxidize the metal
and form rust.

In thestudiesexamined,thewear rateswith unleadedgasolineand
anhydrousethanolwere in the normal range; however,when the
ethanolcontained11% water, the wear increasedsignificantly as
the engine temperaturewas reduced. Considerablygreaterwear
rateswereobservedwith anhydrousmethanol,and thoseincreased
dramaticallywhen the methanolcontained11% water.

Effects of Alcohols on Various Materials

A variety of metalshavebeenidentified aspotentiallysensitiveto
degradationby methanol/gasolineblendsin the range of 10-15%
methanol.[8] Theseinclude: (a) ternesteel,which is usedin fuel
tanks, (b) magnesium, and (c) aluminum, which is used in
carburetorsand fuel pumpbodies.

Ternesteelis a sheetsteelthat is hot dippedin a tin-leadsolution
to retardcorrosion;it is almostexclusivelyusedin automotivefuel
tanks. Uniform corrosion leads eventually to a removal of the
protective terne lining the fuel tank, which in turn leads to
acceleratedcorrosionof thefuel tanksteelitself. Presenceof water
contaminationleadsnot only to moreuniform corrosionbut tends
to increasethetendencytowardpitting corrosionwhich canleadto
fuel tank perforationin a short period of time. Fleet test results
usingternemetal in the gastankshavenot shownany catastrophic
failure of the tanksdueto corrosionby gasoline/methanolblends
under15% methanol.

However,observationsof agalvaniccorrosionin methanol/gasoline
blends has been reported. [9] This is a corrosion due to the
presenceof electricalcurrentsin methanol/gasolineblends,currents
createdby rear-mountedfuel pumps. Gasolineis known to be a
relatively good electricallyinsulatingliquid dueto thegeneralnon-
polar natureof the constituentshydrocarbons. Methanol, unlike
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gasoline, is very polar and conducts electricity much better.
Therefore,the presenceof methanol in a fuel blend would be
expectedto increasethe tendencyandextentof galvaniccorrosion.

Severalnon-metalsusedin fuel systemshave beenresponsiblefor
most reportedfailures of vehicles fueled with methanol/gasoline
blends. These include a large number of different polymers,
elastomers,rubbers,plastics,etc. Other investigatorshaveshown
no problems in operation of methanol/gasolineblends. [10]
Sensitivenon-metalsinclude natural rubber(not usedin current
vehicles),polyurethane(usedas fuel lines in somevehicles),cork
gasketmaterial,leather,polyester-bondedfiberglasslaminate,PVC,
and certain other plastics (polyanidesand methyl-methacrylate).
Non-metalsresistantto methanolinclude Buna N and Neoprene
rubber, polyethylene, nylon and polypropylene. Contradictory
resultshavebeenreportedon a very largenumberof non-metals,
including Nitrile andViton. [11]

Theeffectof ethanol/gasolineandmethanol/gasolineblendson the
rate of fuel hose permeationhas been investigated. [12] Fuel

permeation rate through a fuel hose is a function of several
parameters: (1) fuel aromatic content, (i.e., the greater the
aromaticsby volume,thegreaterthepermeation);(2)hosematerial
type andcomposition;(3) percentvolume of alcohol;and, (4) type
of alcohol. With an SAE 30 R 7 hose, 10% ethanol/gasoline
blends increase the permeation rate about 25%, while 15%
methanol/gasolineblendswill increasethepermeationrate 63%.
Similarly, with an SAE 30 R 8 hose, 10% ethanol/gasolineblend
will increasethepermeationrateapproximately151%,while a 15%
methanol/gasolineblendwill increasethe permeationrate 342%.

Influenceon Fuel Distribution System

When ethanol or methanol, either pure or blended with gasoline,
is shipped through a common carrier pipeline, it may loosen some
of the deposits which have precipitated out from previous
shipments and line the inner surfacesofpipe. This would not only
result in contaniination of the alcohol/gasolineblend and damage
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compressorsand pressuremaintenanceunits, but might possibly
contaminatethenextproductsentthroughthepipelineaswell. [13]
In contrast, alcohol-basedethers (such as ETBE, MTBE, and
TAME) are considered by pipeline operatorsto be “pipeline-
fungible”; that is, theycanbe shippedin pipelinesinterchangeably
with gasolineand crude oil (without affecting the pipelinesor
subsequentshipments.

Vehicle Failures

Experimentalandcommercialconversionsof productionvehiclesto
alcoholfuel havebeenperformedfor manyyears. Brazil instituted
a large-scalealcoholfuel programin 1975. More than 11.9 million
vehicleshavebeenproducedto operateon neatand22% ethanol
blends. In theUnited States,numerousresearchreportshavebeen
written in the pastdecadedescribingthe negativeeffects of neat
alcohol and high-levelalcohol blends. Thecorrosivepropertiesof
high-level alcohol blendsor neatalcoholsnecessitatesignificant
modificationsto currentU.S.vehicletechnology. After only 2 years
Brazil was able to overcomealmost all problemsassociatedwith
alcohol fueledvehicles,indicating that the technologyis available.
Failuresreportedto datewith flexible fuel vehicles(FFV) vehicles
designedspecifically to accommodatehigh-levelalcohol blendsas
well asgasoline-basedfuels, indicatethat further reliability testing
is neededif their reliability is to besimilar to gasolinefueled cars.

Early Retrofits to Production Vehicles

In 1982 the Bank of America (BOA) converted 416 primarily
carburetedvehiclesto operateon low concentrationblends(up to
18%) aswell asneatmethanol.TheBOA reportednegativeeffects
of methanolon elastomers,carburetors,fuel lines,fuel pumps,fuel
levelsendingunits,terneplategastanks,aswell asacceleratedwear
datafrom various internal engine components.[14] For further
informationon failuresin older designs,refer to [15].

Maintenancedatareleasedby the CaliforniaAir ResourcesBoard
(CARB) showintermittentfuel systemproblemscausinginaccurate
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emissions measurements. While some changeswere due to
developmentalreasons,the majority of the problemswere due to
clogging of injectors causedby the corrosive reactionsbetween
methanoland variousfuel systemcomponents. Parts replacedby
Ford on their carburetedand fuel injected 1983 Escortsincluded
carburetors,fuel injectors, catalysts,EGR valves, oxygensensors,
fuel pumps,computerchips,andtemperaturesensors.Two Toyota
test vehicles had their fuel injectors replaced twice becauseof
driveability problemsbefore they had logged 25,000miles. One
vehicle experiencedenginefailure after 43,500miles. [16]

Current Modz~ficationsto Veizides(M-85)

One U.S. automaker performed the following fuel system
modificationsto a 1988productionmodel to preventthe corrosion
problemsof high-levelmethanolblends[17],

- Stainlesssteelfuel tankwith stainlessflame arrestorsin
the fill andvent tubesto preventignition by an external
source.

- Methanol-resistantfloat level potentiometerwith a
corrosionprotectioncircuit.

- Higher flow methanol-tolerantfuel injector and fuel
pumpto handlehigher flow rates.

- Stainlessfuel lineswith accompanyingteflon fuel hoses.

- Anodized aluminumfuel injection rail and modified

pressureregulator.

In addition, the necessaryon-board hardwarewas provided to
changetheengineoperatingparametersto optimizethecombustion
of M-85. These modifications are typical for conversions of
conventionalvehiclesto high-level alcoholblends.
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Lubrication Failures

The use of neat methanol in current engine designs presents
lubrication requirements substantially different than those of
gasoline. Researchhas shown that using the sameconventional
mineraloil usedin currentenginesseverelyincreasesuppercylinder
borewear,valve train wear andconnectingrod bearingwear [18]:

Gasoline Methanol

Valve Train CamWear (mis) 0.5 2.7
CylinderBore Wear (mis)

Longitudinal 0.9 9.3
Transverse 2.7 16.1

ConnectingRod Bearing(mg) 63 189

Preliminary experimentshave demonstratedthe ability of higher
quality syntheticoils to reducethe severity of the wear associated
with methanol combustion. Further work will be neededon
lubricationcompositionto preventthe conversionof engineoil to
an oil/methanol/wateremulsion. This breakdownof the oil’s
lubricating propertiesis thought to be responsiblefor the higher
wear. [19]

FFVFailures

Datareportedby CARB indicatethe replacementof original fuel
injectors in 1987-1988 Crown Victorias FFVs with an improved
injector virtually eliminated the injector fouling problems
experiencedinitially. In addition, the replacementof the fuel
pumpswith stainlesssteelunits hasprovidedtrouble-freeoperation
with theexceptionof increasednoise. Mileageaccumulationvaries
from 23,000-41,000miles (as of Nov. 1988). [20]

Multi-fuel vehiclesutilize sensorsto determinethe alcohol/gasoline
ratioin theparticularblendbeingused. Thesesystemscanoperate
on ethanolaswell asmethanolblends. Currentlythereare optic
and dielectric type sensorsbeing usedby Ford, GeneralMotors,
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and Chrysler. The previously cited CARB analysisof the Ford
Crown Victorias FFVs notedseveral failures of the cars’ optical
sensors,indicating the needfor more developmentwork in that
area.

A recent SAE report describesthe errors associatedwith both
measuringsystems. The optic sensorhas inherentlygreatererror
due to the changein refractive index associatedwith different
hydrocarbonconstituentsandthe effect of depositsbuilding on the
fuel/optic interface. Although the dielectricmeasuringtechnique
requires a temperaturecompensationfunction for variations in
capacitancewith respectto temperature,theerror associatedwith
this sensor is 5%. [21] The effect of water content on sensor
performanceis still not known. The authors indicate that both
systemsneed to be further developedto assuredurability and
reliability.

Additives Required to Prevent Corrosion

Inhibitors and HigherAkohoLc

Corrosion inhibitors areusedin conventionalgasolinesto retard
corrosion in metal fuel systemscomponents. Higher alcohols,
especiallyC, (i.e., iso-butyl or tert-butyl) alcohols,can be usedto
prevent or minimize phase separationin water-contaminated
alcohol/gasolineblends.[22,23] Thepreventionof phaseseparation
would have definite benefits for overall driveability aswell asin
corrosionof water-sensitivecomponentssuchasaluminum.

Acid Neutralizersin Lubricant Oil

Oneof the functionsof an engineoil is to protectsurfacesagainst
various chemicalattacks. In particular, acids producedduring
combustionof gasoline/alcoholblendsareneutralizedby certainoil
additives. Examples for acid neutralizers are zinc dialkyl-
dithiophosphatesandsulfonates,andcalciumsulfonate.As seenin
Figure 7-2 [24], the useof an acid neutralizerin lubricant oil in
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methanol-fueledvehiclesprovides significantly reducedwear but
still is twice that of a gasolineengine. More frequentoil changes
may be requiredto overcomethis problem.

4

II M
ShoitOl 1110~ 3 Chang.Inteiva~

VaIu• withCase/mo
Aicohol

— Eng~n.OHChrom.Plum

0—— I
Figure7.2.,Effectof counter-measureson cylinderbore

corrosivewear.

SurfaceTreatmentofEnginePafls

By treating the crankshaftwith soft nitriding and by plating the
cylinder bores with chrome, wear with methanol fuel can be
virtually reducedto the level of a gasolineengine(Figure7-2). The
chrome plating was electrically pitted in order to make it
sufficiently rough to retainthe oil film. [25]

ShorterLubricant Oil ChangeIntervaLs

Although the basiccompoundsrequiredfor preventingoxidization
and deterioration are containedin the oil, as the total engine
operatinghoursincreases,thebasiccompoundsareneutralizedand
the lubricant oil shows increased acidity. Experimental results
confirm that the main cause for the corrosive wear in methanol-
fueledenginesis accumulationof formic acid in the lubricant oil.
Shorter lubricant oil change intervals reduce corrosive wear
significantly, asshownin Figure7-3. [26]
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30
OH Change Every 15,000km

~ OH Change Every 5000km

~ 20

Vi!u. with
~ 10

iH~fl~~[L\
Cy~nd.iCyHndsr Crar~k Conn.ctmng P~ton

Boe Bore Shaft Rod Ring
Top Bot~m Pin Bearing

Figure7-3., Effect of short oil changeinterval on wear.
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